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(54) TRANSPARENT THIN-FILM SOLAR CELL MODULE AND ITS MANUFACTURING METHOD 



(57) A transparent thin-film solar-cell module having 
high output, high light trans mitta nee, and excellent ap- 
pearance, the module including a plurality of photoelec- 
tric conversion cells connected in series, the cells con- 
taining a first electrode layer, a semiconductor layer, and 
a second electrode layer stacked in that order on a main 
surface of a transparent insulating substrate; and a plu- 
rality of light-transmissive aperture holes formed by re- 



moving at least the second electrode layer, the light- 
transmissive aperture holes each having a diameter of 
30 ^im to 500 \im, the plurality of light-transmissive ap- 
erture holes being disposed in a line at a distance be- 
tween the centers of the light-transmissive aperture 
holes of 1 .01 to 2 times the diameter of each light-trans- 
missive aperture hole, and a method for producing the 
module. 
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Description 

Technical Field 

[0001] The present invention relates to a thin-film so- 
lar-cell module. In particular, the present invention re- 
lates to a transparent thin-film solar-cell module having 
light transmittance and being usable as a light-transmit- 
ting screen, a background being viewable through the 
module. 

Background Art 

[0002] In general, a typical thin-film solar cell often 
has the structure of an integrated thin-film solar cell 11 
shown in Fig. 3. In Fig. 3, a photoelectric conversion cell 
10 includes a first electrode layer 3, a semiconductor 
layer 4, and a second electrode layer 5 stacked in that 
order on a transparent insulating substrate 2. That is, in 
the integrated thin-film solar cell 1 1 , light incident on the 
transparent insulating substrate 2 or the second elec- 
trode layer 5 is subjected to photoelectric conversion by 
a photoelectric conversion unit in the semiconductor lay- 
er 4. 

[0003] The integrated thin-film solar cell 11 shown in 
Fig. 3 includes first isolation grooves 21, second isola- 
tion grooves 22, and connecting grooves 23, which sep- 
arate the thin films described above. The first and sec- 
ond isolation grooves 21 and 22 and the connecting 
grooves 23 are parallel to each other and extend in the 
direction perpendicular to the paper plane in Fig. 3 that 
is a cross-sectional view. 

[0004] The first electrode layers 3 corresponding to 
the respective photoelectric conversion cells 10 are iso- 
lated by the respective first isolation grooves 21. The 
aperture of each first isolation groove 21 is disposed at 
the interface between the corresponding first electrode 
layer 3 and semiconductor layer 4, and the bottom of 
each first isolation groove 21 is the surface of the trans- 
parent insulating substrate 2. The first isolation grooves 
~2T are filled witrT silicbTPb^s^ thin films constituWgTthe" 
semiconductor layers 4 and electrically isolate adjacent 
first electrode layers. 

[0005] The second isolation grooves 22 are disposed 
at positions apart from the first isolation grooves 21 . The 
semiconductor layers 4 and the second electrode layers 
5 corresponding to the respective photoelectric conver- 
sion cells 10 are isolated by the respective second iso- 
lation grooves 22. The aperture of each second isolation 
groove 22 is disposed at the interface between the cor- 
responding second electrode layer 5 and resin sealing 
layer 6, and the bottom of each second isolation groove 
22 is the surface of the corresponding first electrode lay- 
er 3. The second isolation grooves 22 are filled with a 
material constituting the resin sealing layer 6 and elec- 
trically isolate adjacent second electrode layers 5 of the 
photoelectric conversion cells 10. 
[0006] Each of the connecting grooves 23 is disposed 



between the corresponding first isolation groove 21 and 
second isolation groove 22. The semiconductor layers 
4 are isolated by the respective connecting grooves 23. 
The aperture of each connecting groove 23 is disposed 
5 at the interface between the corresponding semicon- 
ductor layer 4 and second electrode layer 5, and the bot- 
tom of each connecting groove 23 is the surface of the 
first electrode layer 3. The connecting grooves 23 are 
filled with a conductive material constituting the second 
10 electrode layers 5 and electrically connect the second 
electrode layer 5 in one of the adjacent photoelectric 
conversion cells 1 0 with the first electrode layer 3 of the 
other photoelectric conversion cell 10. That is, the con- 
necting grooves 23 filled with the conductive material 
15 function to connect the respective cells 10 in series on 
the transparent insulating substrate 2. 
[0007] A region, including each of the connecting 
grooves 23, between the first and second isolation 
grooves 21 and 22 does not contribute to photoelectric 
conversion, and is generally referred to as a "connecting 
regions 9". 

[0008] With respect to a transparent solar-cell mod- 
ule, conventionally, a process for providing light-trans- 
missive aperture portions in a cell region functioning as 
an active region where photoelectric conversion is per- 
formed and a process for providing light-transmissive 
aperture portions outside the cell region have been pro- 
posed. In general, in the former process, i.e., in the proc- 
ess for providing the aperture portions in the cell region, 
the aperture portion can be more densely arranged in 
the plane of the solar-cell module. Thus, the module has 
uniform, excellent light transmittance and appearance 
allover the module. 

[0009] With respect to the shape of the aperture por- 
tions in the module, a repetition of a specific shape, for 
example, a honeycomb shape has been proposed as 
the shape of the light-transmissive aperture portions 
(United States Patent No. 4,795,500). Parallel aperture 
grooves at equal intervals have been proposed as the 
light-transmissive aperture portions (United States Pat- 
"ent'NbT5;2547179): 

[001 0] Examples of a usable process for forming such 
aperture portions include laser scribing, wet etching, dry 
etching, lift-off processing, and wire mask processing. 
For the thin-film solar-cell module, laser scribing is avail- 
able in which pulsed laser light scans relatively to the 
substrate to process the thin films on the substrate, in 
other words, the thin films on the substrate are pat- 
terned. In production of an integrated thin-film solar-cell 
so module, a patterning step for connecting the photoelec- 
tric conversion cells in series and a patterning step for 
forming the light-transmissive aperture portions can be 
performed by laser scribing with the same apparatus 
(Japanese Unexamined Patent Application Publication 
55 No. 04-348570). 

[001 1] For such a thin-film solar cell, it is common to 
improve the properties of the solar cell by a method for 
applying a reverse bias voltage between the first elec- 
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trode layer and the second electrode layer in one pho- 
toelectric conversion cell (referred to as "reverse bias 
treatment") to remove a short-circuited defective portion 
in the photoelectric conversion cell near the final step of 
a process for producing the thin-film solar cell (Japa- 5 
nese Unexamined Patent Application Publication Nos. 
2000-277775 and 2001-053302). 
[0012] When the aperture portions in the module are 
formed of aperture holes, unless the interval between 
adjacent aperture holes is satisfactorily small, it is visu- 10 
ally recognized that the aperture holes are discontinu- 
ous; hence, a background or an image observed via the 
transparent thin-film solar-cell module has insufficient 
luminance and resolution and becomes blurry. These 
are problems. Furthermore, excessively small aperture 15 
holes result in a steep reduction in light transmittance. 
Excessively large aperture holes result in a problem in 
the appearance and the output of the solar cell. 
[0013] When the aperture portions in the module are 
formed of aperture grooves, the second electrode layer 20 
in one photoelectric conversion cell is partially removed 
by the aperture grooves and is thus partitioned into a 
plurality of sections. Therefore, there is a problem that 
the "reverse bias treatment" is insufficiently performed. 
[0014] When the aperture portions in the module are 25 
formed of aperture grooves, in order to form the aperture 
grooves by continuously disposing light-transmissive 
aperture holes by laser scribing, the distance between 
adjacent positions irradiated with laser light is required 
to be smaller than the diameter of each light-transmis- 30 
sive aperture hole to be formed by irradiation with the 
laser light. This limits the scanning velocity of the laser 
light. 

[0015] An increase in the ratio of the light-transmis- 
sive aperture hoies to the transparent thin-film solar-cell 35 
module results in generation of a clear image, but results 
in reductions in photoelectric conversion properties. 

Disclosure of Invention 

40 

[0016] As a result of intensive research in considera- 
tion of the above-described problems, the present in- 
ventors found that, in a transparent thin-film solar-cell 
module including a multilayer film containing a first elec- 
trode layer, a semiconductor layer, and a second elec- 45 
trode layer stacked in that order on a main surface of a 
transparent insulating substrate; a cell region containing 
a plurality of photoelectric conversion cells connected 
in series; and a plurality of light-transmissive aperture 
holes in the cell region, the plurality of light-transmissive so 
aperture holes being formed by removing at least the 
second electrode layer, the light-transmissive aperture 
holes each having a diameter of 30 u.m to 300 urn, the 
plurality of light-transmissive aperture holes being dis- 
posed in line so that a distance between the centers of 55 
the light-transmissive aperture holes is 1.01 to 2 times 
the diameter of the light-transmissive aperture hole, def- 
inition of the background was improved, and the trans- 



parent thin-film solar-cell module had high power and 
excellent appearance because the reverse bias treat- 
ment could be sufficiently performed. 
[0017] A method for producing such light-transmis- 
sive aperture holes by irradiating the multilayer film con- 
taining the first electrode layer, the semiconductor layer, 
and the second electrode layer with laser light, wherein 
the multilayer film is scanned by the laser light intermit- 
tently using a Q-switch. 

[0018] In view of light transmittance and productivity, 
in the transparent thin-film solar-cell module, the plural- 
ity of light-transmissive aperture holes are preferably 
disposed in a line at intervals of 1.01 to 1.5 times the 
diameter of each light-transmissive aperture hole. 
[0019] To achieve high, uniform light transmittance 
alloverthe module, each of the light-transmissive aper- 
ture holes preferably has a diameter of 100 urn to 300 
]im. 

[0020] In view of light transmittance and the output of 
the module, the ratio of the total area of the light-trans- 
missive aperture holes to the area of the cell region is 
preferably 5% to 30%. 

[0021] For the appearance of the module, the light- 
transmissive aperture holes are disposed in the series- 
connection direction of the photoelectric conversion 
cells, preferably in a straight line, and more preferably 
in straight lines parallel to each other at regular intervals. 
[0022] The above-described transparent thin-film so- 
lar-cell module has high reliability by providing a back 
sealer composed of a fluorocarbon resin or glass, which 
has high transmittance and weatherability, on the multi- 
layer film. 

[0023] By performing reverse bias treatment after 
forming the light-transmissive aperture holes, the trans- 
parent thin-film solar-cell module having high conver- 
sion efficiency can be produced. 

Brief Description of the Drawings 

[0024] 

Fig. 1 is a schematic plan view of a transparent thin- 
film solar-cell module 1 according to the present in- 
vention. 

Fig. 2 is a schematic plan view of an aperture por- 
tion 18 including isolated light-transmissive aper- 
ture holes 8 disposed in a straight line. 
Fig. 3 is a schematic cross-sectional view of an in- 
tegrated thin-film solar cell 11. 

Reference Numerals 

[0025] 
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3 first electrode layer 

4 semiconductor layer 
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21 


first isolation groove 


22 


second isolation groove 


23 


connecting groove 


81 


diameter of light-transmissive aperture hole 8 


82 


distance between centers of light-transmissive 




aperture holes 8 



Best Mode for Carrying Out the Invention 

[0026] Embodiments of the present invention will be 
described in detail with reference to Figs. 1 , 2, and 3. In 
these figures of the present invention, the same refer- 
ence numeral represents the same portion or an equiv- 
alent portion. Redundant description is not repeated. 
[0027] Examples of the transparent insulating sub- 
strate 2 which can be used include a glass plate and a 
transparent resin film. As the glass plate, a float plate 
glass which has the smooth main surfaces, which is 
principally composed of Si0 2 Na 2 0 and CaO, and which 
has high transparency and high insulation, can be used. 
A large-area float plate glass is inexpensively available. 
[0028] When light enters the semiconductor layer 4 
from the transparent insulating substrate 2 side, the first 
electrode layer 3 may be formed of a transparent con- 
ductive oxide film such as an indium-tin oxide (ITO) film, 
a Sn0 2 film, or a ZnO film. On the other hand, when light 
enters the semiconductor layer 4 from the second elec- 
trode layer 5 side, the first electrode layer 3 may be 
formed of a metal layer such as a silver film or an alu- 
minum film. Furthermore, the first electrode layer 3 may 
have a multilayer structure. The first electrode layer 3 
may be formed by known gas-phase deposition such as 
vapor deposition, chemical vapor deposition (CVD), or 
sputtering. The first electrode layer 3 preferably has a 
surface texture structure including fine irregularities. 
Such a texture structure on a surface of the first elec- 
trode layer 3 permits an improvement in the efficiency 
of light incident on the semiconductor layer 4 constitut- 
ing a photoelectric conversion unit. 
[0029] The semiconductor layer 4 may include, for ex- 
ample, a thin-film amorphous photoelectric conversion 
unit containing an amorphous photoelectric conversion 
layer or a thin-film crystalline photoelectric conversion 
unit containing a crystalline photoelectric conversion 
layer. Furthermore, the semiconductor layer 4 may be 
a tandem type or a triple type, which include the thin- 
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film amorphous photoelectric conversion unit and the 
thin-film crystalline photoelectric conversion unit. In this 
case, the amorphous photoelectric conversion unit may 
include, for example, p-type silicon semiconductor layer, 
s a non-doped amorphous silicon photoelectric conver- 
sion layer, and an n-type silicon semiconductor layer 
stacked in that order from the side of the first electrode 
layer 3. The crystalline photoelectric conversion unit 
may include, for example, a p-type silicon semiconduc- 
tor layer, a non-doped crystalline silicon photoelectric 
conversion layer, and an n-type silicon semiconductor 
layer stacked in that order from the amorphous photoe- 
lectric conversion unit. All these semiconductor layers 
may be formed by plasma-enhanced chemical vapor 
deposition (CVD). 

[0030] When light is incident on the transparent insu- 
lating substrate 2 side, the second electrode layer 5 
functions as not only an electrode but also a reflecting 
layer that reflects the light, which is incident on the sem- 
iconductor layer 4 and then reaches the second elec- 
trode layer 5, and that reenters the light into the semi- 
conductor layer 4. The second electrode layer 5 may be 
formed by, for example, vapor deposition or sputtering 
with silver, aluminum, or the like. In addition, to improve 
the adhesiveness between the second electrode layer 
5 and the semiconductor layer 4, for example, a trans- 
parent conductive thin film (not shown) composed of a 
nonmetal material such as ZnO may be interposed ther- 
ebetween. When light is incident on the second elec- 
trode layer 5 side, the second electrode layer 5 may be 
formed of a transparent conductive oxide film such as 
an ITO film, a Sn0 2 film, or a ZnO film. 
[0031] The above-described transparent thin-film so- 
lar-cell module 1 may be produced by the following 
method. 

[0032] A first electrode layer 3 is formed on the entire- 
ty of a main surface of the transparent insulating sub- 
strate 2 and is then irradiated with, for example, YAG 
fundamental wave laser light to form first isolation 
grooves 21 partitioning the first electrode layer 3 into 
rectangular-shaped sections. 

[0033] A second electrode layer 5 is deposited over 
the semiconductor layers 4. The connecting grooves 23 
are filled with the same metal material as that constitut- 
ing the second electrode layer during the deposition of 
the second electrode layer 5. As a result, the second 
electrode layer 5 and the first electrode layers 3 are elec- 
trically connected. The semiconductor layers 4 and the 
second electrode layer 5 are processed by laser scribing 
to form second isolation grooves 22. 
[0034] Next, p-type, i-type, and n-type amorphous sil- 
icon films and/or p-type, i-type, and n-type polycrystal- 
line silicon films are stacked in that order at least once 
over the first electrode layers 3 and the first isolation 
grooves 21 by, for example, plasma-enhanced CVD to 
form a semiconductor layer 4. Then, the semiconductor 
layer 4 is irradiated with, for example, YAG second har- 
monic laser light to form connecting grooves 23 parti- 
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tioning the semiconductor layer 4 into rectangular- 
shaped sections. 

[0035] Subsequently, for example, a transparent con- 
ductive thin film and a metal film are formed in that order 
over the semiconductor layers 4 and the connecting 5 
grooves 23 by, for example, sputtering to form a second 
electrode layer 5. Then, the second electrode layer 5 
are irradiated with, for example, YAG second harmonic 
laser light from the transparent insulating substrate 2 
side to form second isolation grooves 22 partitioning the 10 
second electrode layer 5 into rectangular-shaped sec- 
tions. 

[0036] Furthermore, for example, the YAG fundamen- 
tal wave laser light and YAG second harmonic laser light 
are allowed to be incident on the transparent insulating 15 
substrate 2 side and scan the resulting laminate to re- 
move the first electrode layers 3, the semiconductor lay- 
ers 4, and the second electrode layers 5, thereby isolat- 
ing the cell region from the periphery of the transparent 
insulating substrate 2. As a result, insulation of the cell 20 
region from the periphery is ensured. 
[0037] In this way, an integrated thin-film solar cell 11 
including a multilayer film containing the first electrode 
layer 3, the semiconductor layer 4 composed of amor- 
phous and/or polycrystalline silicon semiconductor, and 25 
the second electrode layer 5 stacked in that order on a 
main surface of the transparent insulating substrate 2; 
and a ceil region containing a plurality of photoelectric 
conversion cells 10 connected in series and a plurality 
of connecting regions 9, is produced, the plurality of pho- 30 
toelectric conversion cells 10, each having the same 
rectangular shape, being connected in series. 
[0038] The YAG second harmonic laser light is al- 
lowed to be incident on, for example, the transparent 
insulating substrate 2 side and scan the resulting inte- 35 
grated thin-film solar cell 11 to form a plurality of light- 
transmissive aperture holes 8 shown in Fig. 1 by the 
same process as that for partitioning the back electrode 
films. 

[0039] As shown in Fig. 2, the light-transmissive ap- 40 
erture holes 8 are formed so that the discontinuous, iso- 
lated light-transmissive aperture holes 8 are disposed 
in a straight line to form an aperture portion 18. Further- 
more, the light-transmissive aperture holes 8 are formed 
so that a diameter 81 of each hole 8 is 30 jim to 500 urn as 
and the distance 82 between the centers of the holes 8 
is 1.01 to 2 times the diameter 81. The aperture holes 
8 are substantially disposed in line. Preferably, the ap- 
erture holes 8 are substantially disposed in a straight 
line as described above, from the standpoint of produc- so 
tivity and the like. 

[0040] When the distance 82 between the centers of 
the light-transmissive aperture holes 8 is more than 
twice the diameter 81 thereof, opaque portions between 
the light-transmissive aperture holes 8 are markedly 55 
recognized. When the distance 82 between the centers 
of the light-transmissive aperture holes 8 is up to twice 
the diameter 81 thereof, the aperture portion 18 includ- 



ing the discontinuous, isolated light-transmissive aper- 
ture holes 8 disposed in a straight line is visually recog- 
nized as a continuous light-transmissive groove at a dis- 
tance of about 5 m. When the distance 82 between the 
centers of the light-transmissive aperture holes 8 is less 
than 1.01 times the diameter 81 thereof, the semicon- 
ductor layers 4 and the second electrode layers 5 re- 
maining between the light-transmissive aperture holes 
8 are strongly affected by heat due to laser scribing, thus 
resulting in a fragile state in which detamination or the 
like may occur. Such fragile portions become defects in 
the photoelectric conversion cell 10, thus causing a re- 
duction in the output of the transparent thin-film solar- 
cell module 1. The distance 82 between the centers of 
the light-transmissive aperture holes 8 is more prefera- 
bly up to 1 .5 times the diameter 81 thereof. In this case, 
the aperture portion 18 including the discontinuous, iso- 
lated light-transmissive aperture holes 8 disposed in a 
straight line is visually recognized as a continuous light- 
transmissive groove at a distance of about 1 m. 
[0041] The light-transmissive aperture holes 8 each 
have a diameter 81 of 30 u.m to 500 \um. When the di- 
ameter 81 is less than 30 ujt>, the transparent thin-film 
solar-cell module 1 has substantially no light transmit- 
tance. When the diameter 81 exceeds 500 fim, in laser 
scribing, a significantly large laser power is required. As 
a result, an apparatus for emitting laser light and its at- 
tendant optical system are very expensive. When the 
diameter 81 of each light-transmissive aperture hole 8 
is in the range of 50 u.m to 300 um, it is possible to per- 
form a practical production, which is more preferable. 
Most preferably, the diameter 81 of each light-transmis- 
sive aperture hole 8 is in the range of 1 00 \im to 300 u,m. 
The transparent thin-film solar-cell module 1 having suf- 
ficient light transmittance can be produced with a 
pulsed-laser scribing apparatus inexpensively available 
under optimally-balanced processing conditions. 
[0042] The area ratio of the total area of the light- 
transmissive aperture holes 8 to the area of the cell re- 
gion, that is, the aperture ratio is preferably 1% to 50%. 
When the aperture ratio is less than 1 %, the transparent 
thin-film solar-cell module 1 has insufficient light trans- 
mittance. When the aperture ratio exceeds 50%, the 
transparent thin-film solar-cell module 1 has insufficient 
output. The aperture ratio is preferably in the range of 
5% to 30%. When the aperture ratio is 5% or more, it is 
possible to block out direct sunlight on a sunny day and 
let enough light into the interior. When the aperture ratio 
is 30% or less, it is possible to ensure the output of the 
transparent thin-film solar-cell module 1. Most prefera- 
bly, the aperture ratio is in the range of 10% to 20%. At 
an aperture ratio of 10% or more, when the transparent 
thin-film solar-cell module 1 is used as a light-transmit- 
ting screen, it is possible to obtain an image having suf- 
ficient luminance and resolution. At an aperture ratio of 
20% or less, the output of the transparent thin-film solar- 
cell module 1 is comparable to that of a general solar- 
cell module. 
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[0043] In connection with the aperture ratio described 
above, the interval between adjacent aperture portions 
18 each including the isolated light-transmissive aper- 
ture holes 8 disposed in a line is preferably 0.5 mm to 3 
mm so that a background or an image observed via the 
transparent thin-film solar-cell module has sufficient def- 
inition, luminance, and resolution. In consideration of 
productivity, the interval is particularly preferably 0.8 mm 
to 1.5 mm. 

[0044] Laser scribing for forming the light-transmis- 
sive aperture holes 8 in the integrated thin-film solar cell 
11 can be performed by simultaneously irradiating dif- 
ferent portions in the transparent insulating substrate 2 
with a plurality of laser beams. If the light-transmissive 
aperture holes 8 are formed in the entire surface of the 
transparent insulating substrate 2 by scanning a single 
laser beam, the scanning time is significantly increased, 
thus resulting in practical difficulty of the production. 
[0045] After forming the aperture portion 1 8 including 
the isolated light-transmissive aperture holes 8 dis- 
posed in a straight line in the integrated thin-film solar 
cell 11, reverse bias treatment for removing a short- 
circuited defective portion in the photoelectric conver- 
sion cells 10 was performed by applying a reverse bias 
voltage between the second electrode layers 5 in adja- 
cent photoelectric conversion cells 10. 
[0046] With respect to specific condition of the re- 
verse bias treatment, in a first step, a 60 Hz sinusoidal 
wave having an amplitude of 0 to 2 V was applied for 
0.1 second. If the peak current value was less than 0.05 
A, the treatment was finished. If the peak current value 
was 0.05 A or more, a voltage in the following step was 
applied. In a second step, a 60 Hz sinusoidal wave hav- 
ing an amplitude of 0 to 4 V was applied for 0.1 second. 
If the peak current value was less than 0.05 A, the treat- 
ment was finished. If the peak current value was 0.05 A 
or more, a voltage in the following step was applied. In 
a third step, a 60 Hz sinusoidal wave having. an ampli- 
tude of 0 to 6 V was applied for 0.1 second. If the peak 
current value was less than 0.1 A, the treatment was 
finished. If the peak current value was 0.1 A or more; a 
voltage in the following step was applied. In a fourth 
step, a 60 Hz sinusoidal wave having an amplitude of 0 
to 8 V was applied for 0.1 second. 
[0047] Electrodes for outputting power were provided 
near the photoelectric conversion cells 1 0 disposed at 
both ends. A resin sealing layer 6 composed of a light- 
transmissive transparent resin and a light-transmissive 
colorless back sealer 7 stacked in that order over the 
second electrode layers 5 were subjected to heating and 
vacuum sealing with a vacuum lamination apparatus. In 
order to partially transmit sunlight incident on the trans- 
parent insulating substrate 2 side to the back sealer 7 
side of the transparent thin-film solar-cell module 1 
through the light-transmissive aperture holes 8 and in 
order to allow the transparent thin-film solar-cell module 
1 to have sufficient weatherabi I ity, the resin sealing layer 
6 is preferably composed of, for example, ethylene-vinyl 



acetate (EVA), and the back sealer 7 is preferably com- 
posed of a colorless material such as glass, a fluorocar- 
bon resin, or the like. The solar-cell performance of the 
resulting transparent thin-film solar-cell module 1 was 
5 measured. 

EXAMPLE 

[0048] The present invention will be described in de- 
to tail based on several examples and comparative exam- 
ples. However, the present invention is not limited to the 
exemplary description below as long as the present in- 
vention does not exceed the scope of the gist of the in- 
vention. 

15 [0049] According to the above-described embodi- 
ment, a transparent thin-film solar-cell module 1 was 
produced including aperture portions 18 containing iso- 
lated light-transmissive aperture holes 8 disposed in a 
straight line. 

20 [0050] A Sn0 2 film about 700 nm in thickness serving 
as a transparent conductive film 3 was formed on a glass 
substrate 2 having an area of 910 mm by 910 mm and 
a thickness of 5 mm by thermal CVD. The Sn0 2 film 3 
was subjected to patterning, in other words, the Sn0 2 

25 film 3 was irradiated with a YAG fundamental wave laser 
beam incident on the Sn0 2 film 3 side to form first iso- 
lation grooves 21. The first isolation grooves 21 each 
had a width of 60 uxn. The interval between the grooves 
was 8.88 mm. After fine powders and the like due to 

30 processing were removed by washing, the glass sub- 
strate 2 was transferred into a plasma-enhanced CVD 
apparatus, and then a photoelectric conversion film 
about 300 nm in thickness composed of amorphous sil- 
icon was formed as a semiconductor layer 4. The glass 

35 substrate 2 was transferred from the CVD apparatus, 
and then the semiconductor layer 4 was irradiated with 
YAG second harmonic laser light incident on the glass 
substrate 2 side to form connecting grooves 23. The 
connecting grooves 23 had a width of 80 urn. The dis- 

40 tance between the center lines of adjacent connecting 
groove 23 and first isolation groove 21 was 170 jim. 
[0051] A ZnO film about 80 nm in thickness and an 
Ag film about 300 nm in thickness were formed in that 
order as a second electrode layer 5 by sputtering on the 

45 semiconductor layer 4. By irradiating the second elec- 
trode layer 5 with the YAG second harmonic laser light 
incident on the glass substrate 2 side, the second elec- 
trode layer 5 was partitioned into rectangular-shaped 
sections and second isolation grooves 22 were formed. 

50 The second isolation grooves 22 each had a width of 80 
uxn. The distance between the center lines of adjacent 
second isolation groove 22 and connecting groove 23 
was 170 uxn. To insulate cell regions and connecting re- 
gions 9 from the periphery of the glass substrate 2, the 

55 Sn0 2 films 3, the amorphous silicon photoelectric con- 
version films 4, and the second electrode layers 5 were 
removed by irradiation with YAG laser light along the pe- 
riphery of the glass substrate 2. In this way, an integrat- 
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ed thin-film solar cell 11 including 100 photoelectric con- 
version cells 10, each having a length of 892 mm, con- 
nected in series was obtained. 

[0052] Next, 891 aperture portions 18, each having a 
length of 888 mm, each including isolated light-trans- 
missive aperture holes 8 disposed in a straight line, and 
being parallel to the integrating direction 12, were dis- 
posed at 1 mm intervals on the integrated thin-film solar 
cell 11 by irradiation with YAG second harmonic laser 
light incident on the glass substrate 2 side. 
[0053] A solder-plated copper foil functioning as an 
electrode for outputting power was disposed near the 
photoelectric conversion cells 10 via a plurality of lead- 
free solder dots that had previously been formed on the 
glass substrate 2 to form a pair of electrodes on the 
glass substrate 2. Next, reverse bias treatment was per- 
formed by applying a voltage between the second elec- 
trode layers 5 of adjacent photoelectric conversion cells 
10. 

[0054] Finally, EVA 6 and a glass plate 7 having a 
thickness of 3 mm stacked in that order over the second 
electrode layers 5 were subjected to heating and vacu- 
um sealing with a vacuum lamination apparatus. 
[0055] The resulting transparent thin-film solar-cell 
module 1 was irradiated with light with air mass 1.5 
spectra (AM 1 .5) at a light intensity of 1 00 mW/cm 2 using 
a xenon lamp and a halogen lamp as light sources. The 
photoelectric conversion properties were measured at 
25°C. 

(EXAMPLE 1) 

[0056] In Example 1, aperture portions 18 each in- 
cluding isolated light-transmissive aperture holes 8 dis- 
posed in a straight line were formed by irradiating an 
integrated thin-film solar cell 11 with laser light incident 
on the glass substrate 2 side under the following condi- 
tions: Q-switching frequency, 1 kHz; power at process- 
ing point, 0.30 W; and scanning velocity, 200 mm/s. 
[0057] The average diameter 81 of the resulting light- 
transmissive aperture holes 8 was 1 70 uxn. The distance 
82 between the centers of the light-transmissive aper- 
ture holes 8 was 200 uxn. The average length of non- 
processed opaque portions between the light-transmis- 
sive aperture holes 8 was 30 um. Consequently, a trans- 
parent thin-film solar-cell module 1 having an aperture 
ratio of 11.3% was obtained. With respect to the photo- 
electric conversion properties, the open-circuit voltage 
was 88.8 V, the short-circuit current was 1 .008 A, the fill 
factor was 0.609, and the maximum output was 54.5 W. 
[0058] An image was projected onto the transparent 
thin-film solar-cell module 1 produced in Example 1 us- 
ing a commercially available indoor projector 2 m away. 
The transmitted image was observed as a continuous 
image from a position 30 cm away and had sufficient 
resolution and luminance. 



(EXAMPLE 2) 

[0059] In Example 2, aperture portions 18 each in- 
cluding isolated light-transmissive aperture holes 8 dis- 

5 posed in a straight line were formed by irradiating an 
integrated thin-film solar cell 11 with laser light incident 
on the glass substrate 2 side under the following condi- 
tions: Q-switching frequency, 1 kHz; power at process- 
ing point, 0.30 W; and scanning velocity, 300 mm/s. 

10 [0060] The average diameter 81 of the resulting light- 
transmissive aperture holes 8 was 1 70 um. The distance 
82 between the centers of the light-transmissive aper- 
ture holes 8 was 300 um. The average length of non- 
processed opaque portions between the light-transmis- 

f5 sive aperture holes 8 was 130 um. Consequently, a 
transparent thin-film solar-cell module 1 having an ap- 
erture ratio of 7.5% was obtained. With respect to the 
photoelectric conversion properties, the open-circuit 
voltage was 89.8 V, the short-circuit current was 1.050 

20 a, the fill factor was 0.61 2, and the maximum output was 
57.7 W. 

[0061] An image was projected onto the transparent 
thin-film solar-cell module 1 produced in Example 2 us- 
ing a commercially available indoor projector 2 m away. 
25 The transmitted image was observed as a continuous 
image from a position 5 m away and had sufficient res- 
olution and luminance. 

(EXAMPLE 3) 

30 

[0062] In Example 3, aperture portions 18 each in- 
cluding isolated light-transmissive aperture holes 8 dis- 
posed in a straight line were formed by irradiating an 
integrated thin-film solar cell 11 with laser light incident 

35 on the glass substrate 2 side under the following condi- 
tions: Q-switching frequency, 1 kHz; power at process- 
ing point, 0.10 W; and scanning velocity, 100 mm/s. 
[0063] The average diameter 81 of the resulting light- 
transmissive aperture holes 8 was 80 um. The distance 
82 between the centers of the light-transmissive aper- 
ture holes 8 was 100 urn. The average length of non- 
processed opaque portions between the light-transmis- 
sive aperture holes 8 was 20 um. Consequently, a trans- 
parent thin-film solar-cell module 1 having an aperture 

45 ratio of 5.0% was obtained. With respect to the photoe- 
lectric conversion properties, the open-circuit voltage 
was 89.5 V, the short-circuit current was 1 .062 A, the fill 
factor was 0.623, and the maximum output was 59.2 W. 
[0064] An image was projected onto the transparent 

50 thin-film solar-cell module 1 produced in Example 3 us- 
ing a commercially available indoor projector 2 m away. 
The transmitted image was observed as a continuous 
image from a position 30 cm away and had sufficient 
resolution and luminance. 

55 

(COMPARATIVE EXAMPLE 1) 



[0065] In Comparative Example 1, aperture portions 
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18 each including isolated light-transmissive aperture 
holes 8 disposed in a straight line were formed by irra- 
diating an integrated thin-film solar cell 1 1 with laser light 
incident on the glass substrate 2 side under the following 
conditions: Q-switching frequency, 1 kHz; power at 5 
processing point, 0.30 W; and scanning velocity, 400 
mm/s. 

[0066] The average diameter 81 of the resulting light- 
transmissive aperture holes 8 was 1 70 urn. The distance 
82 between the centers of the light-transmissive aper- 10 
ture holes 8 was 400 jim. The average length of non- 
processed opaque portions between the light-transmis- 
sive aperture holes 8 was 230 urn. Consequently, a 
transparent thin-film solar-cell module 1 having an ap- 
erture ratio of 5.7% was obtained. With respect to the 15 
photoelectric conversion properties, the open-circuit 
voltage was 89.2 V, the short-circuit current was 1.072 
A, the fill factor was 0.621 , and the maximum output was 
59.4 W. 

[0067] An image was projected onto the transparent 20 
thin-film solar-cell module 1 produced in Comparative 
Example 1 using a commercially available indoor pro- 
jector 2 m away. It was observed that the transmitted 
image was discontinuous from a position 5 m away. 

25 

(COMPARATIVE EXAMPLE 2) 

[0068] In Comparative Example 2, aperture grooves 
17 each including light-transmissive aperture holes 8 
continuously disposed in a straight line were formed in- 30 
stead of aperture portion 18 including isolated light- 
transmissive aperture holes 8 disposed in a straight line. 
Specifically, the aperture grooves 17 each including 
light-transmissive aperture holes 8 continuously dis- 
posed in a straight line were formed by irradiating an 35 
integrated thin-film solar cell 11 with laser light incident 
on the glass substrate 2 side under the following condi- 
tions: Q-switching frequency, 1 kHz; power at process- 
ing point, 0.30 W; and scanning velocity, 100 mm/s. As 
a result, 891 aperture grooves 17 were disposed at 1 40 
mm intervals. 

[0069] In Comparative Example 2, reverse bias treat- 
ment was performed before formation of the light-trans- 
missive aperture holes 8. 

[0070] The average width of the resulting aperture 45 
grooves 17 was 170 um. Consequently, a transparent 
thin-film solar-cell module 1 having an aperture ratio of 
17% was obtained. With respect to the photoelectric 
conversion properties, the open-circuit voltage was 87.9 
V, the short-circuit current was 0.975 A, the fill factor was so 
0.590, and the maximum output was 50.6 W. 
[0071] As described above, to impart the function of 
light transmittance to the transparent thin-film solar-cell 
module 1, as shown in Examples 1, 2, and 3, the trans- 
parent thin-film solar-cell module 1 including the aper- 55 
ture portions 18 containing the isolated light-transmis- 
sive aperture holes 8 disposed in a straight line is ad- 
vantageous. As shown in Comparative Example 1, 



when the distance, i.e., the interval between the centers 
of the light-transmissive aperture holes 8, is more than 
twice the diameter of each light-transmissive aperture 
hole, it is observed that the light-transmissive aperture 
holes 8 in the transparent thin-film solar-cell module 1 
is discontinuous. Furthermore, a background viewed 
through the transparent thin-film solar-cell module 1 and 
a transmitted image obtained by projecting an image on- 
to the module 1 using a projector become blurry. 
[0072] In addition, it is possible to increase the scan- 
ning velocity of laser light 1 2 compared with the case of 
the aperture grooves 17 each including the light-trans- 
missive aperture holes 8 disposed continuously as 
shown in Comparative Example 2. For example, the 
scanning velocity of the laser light 12 was 100 mm/s in 
Comparative Example 2, but was 200 mm/s in Example 
1. That is, the scanning velocity in Example 1 is twice 
that in Comparative Example 2. The aperture ratio is de- 
creased from 17% to 11.3% (about 33% of reduction) 
with an increase in scanning velocity. That is, for exam- 
ple, as a modification of Example 1, even when the 
number of aperture portions 18 including the isolated 
light-transmissive aperture holes 8 disposed in a 
straight line per the transparent thin-film solar-cell mod- 
ule 1 is increased so that the same aperture ratio as that 
in the Comparative Example is obtained, sufficient pro- 
ductivity can be expected. 

[0073] Furthermore, in Comparative Example 2, since 
the integrated thin-film solar cell 21 includes the aper- 
ture grooves 17 each containing the light-transmissive 
aperture holes 8 continuously disposed in a straight line, 
the second electrode layers 4 each are partitioned. 
Therefore, a short-circuited defective portion in the pho- 
toelectric conversion cell 10 cannot be sufficiently re- 
covered by applying a reverse bias voltage. As a result, 
the power properties assumed are not sufficiently exhib- 
ited. In Examples 1 , 2, and 3, the reverse bias treatment 
can be performed after the light-transmissive aperture 
holes 8 are formed. Therefore, the open-circuit current 
and the fill factor are greater than those in Comparative 
Examples, thus resulting in large photoelectric conver- 
sion. 

Industrial Applicability 

[0074] As described above, according to the present 
invention, a transparent thin-film solar-cell module, hav- 
ing high output, high light transmittance, and excellent 
appearance, can be provided, and can be produced with 
high productivity. 



Claims 

1 . A transparent thin-film solar-cell module comprising 
a multilayer film comprising a first electrode layer, 
a semiconductor layer, and a second electrode lay- 
er stacked in that order on a main surface of a trans- 
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parent insulating substrate; a cell region comprising 
a plurality of photoelectric conversion cells connect- 
ed in series; and a plurality of light-transmissive ap- 
erture holes in the cell region, the plurality of light- 
transmissive aperture holes being formed by re- 
moving at least the second electrode layer, the light- 
transmissive aperture holes each having a diameter 
of 30 n-m to 500 urn, the plurality of light-transmis- 
sive aperture holes being disposed in a line at a dis- 
tance between the centers of the light-transmissive 
aperture holes of 1.01 to 2 times the diameter of 
each light-transmissive aperture hole. 

2. The transparent thin-film solar-cell module accord- 
ing to claim 1 , wherein the plurality of light-transmis- 
sive aperture holes are disposed in a straight line 
at intervals of 1 .01 to 1 .5 times the diameter of each 
light-transmissive aperture hole. 

3. The transparent thin-film solar-cell module accord- 
ing to claim 1 or 2, wherein the light-transmissive 
aperture holes each have a diameter of 100 urn to 
300 ujti. 

4. The transparent thin-film solar-cell module accord- 
ing to any one of claims 1 to 3, wherein the area 
ratio of the total area of the light-transmissive aper- 
ture holes to the area of the cell region is 5% to 30%. 

5. The transparent thin-film solar-cell module accord- 
ing to any one of claims 1 to 4, wherein the light- 
transmissive aperture holes are disposed in a line 
parallel to the series-connection direction of the 
photoelectric conversion cells. 

6. The transparent thin-film solar-ceil module accord- 
ing to any one of claims 1 to 5, wherein the light- 
transmissive aperture holes are disposed in lines 
parallel to each other at regular intervals. 

7. The transparent thin-film solar-cell module accord- 
ing to any one of claims 1 to 6, wherein a back sealer 
is composed of a fluorocarbon resin or glass. 

8. A method for producing the transparent thin-film so- 
lar-cell module according to claim 1, the method 
comprising forming the light-transmissive aperture 
holes by irradiating the multilayer film with laser 
light, wherein the distance between the centers of 
adjacent light-transmissive aperture holes dis- 
posed in a straight line is determined by the fre- 
quency of Q-switching of the laser light and a rela- 
tive scanning velocity between the transparent in- 
sulating substrate and the laser light. 

9. A method for producing the transparent thin-film so- 
lar-cell module according to claim 1, the method 
comprising performing reverse-bias treatment after 
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forming the light-transmissive aperture holes. 
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